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Available online 13 April 2015AbstractAims: The aim of this study was to investigate the predictive ability of screening tools regarding the occurrence of major postoperative
complications in onco-geriatric surgical patients and to propose a scoring system.
Methods: 328 patients 70 years undergoing surgery for solid tumors were prospectively recruited. Preoperatively, twelve screening tools
were administered. Primary endpoint was the incidence of major complications within 30 days. Odds ratios (OR) and 95% confidence in-
tervals (95% CI) were estimated using logistic regression. A scoring system was derived from multivariate logistic regression analysis. The
area under the receiver operating characteristic curve (AUC) was applied to evaluate model performance.thor. University Medical Center Groningen, Hanzeplein 1, 9700 RB Groningen. The Netherlands. Tel.: þ31 503612811; fax: þ31
.g.huisman@umcg.nl (M.G. Huisman).
leveland Clinic Florida, Department of Colorectal Surgery, 2950 Cleveland Clinic Boulevard, Weston, Florida 33331, United States.
ister Hospital, East and North Herts NHS Trust, Department of Surgery, Coreys Mill Lane, Stevenage, Hertfordshire SG1 4AB, United
16/j.ejso.2015.02.018
sevier Ltd. All rights reserved.
845M.G. Huisman et al. / EJSO 41 (2015) 844e851Results: At a median age of 76 years, 61 patients (18.6%) experienced major complications. In multivariate analysis, Timed Up and Go
(TUG), ASA-classification and Nutritional Risk Screening (NRS) were predictors of major complications (TUG>20 OR 3.1, 95% CI
1.1e8.6; ASA3 OR 2.8, 95% CI 1.2e6.3; NRSimpaired OR 3.3, 95% CI 1.6e6.8). The scoring system, including TUG, ASA, NRS, gender
and type of surgery, showed good accuracy (AUC: 0.81, 95% CI 0.75e0.86). The negative predictive value with a cut-off point >8 was
93.8% and the positive predictive value was 40.3%.
Conclusions: A substantial number of patients experience major postoperative complications. TUG, ASA and NRS are screening tools
predictive of the occurrence of major postoperative complications and, together with gender and type of surgery, compose a good scoring
system.
 2015 Elsevier Ltd. All rights reserved.
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The International Agency for the Research on Cancer
forecasts that the number of new cancer cases will increase
from 12.4 million in 2008 to 20 or even 26 million in
2030.1 The majority of cancer patients are over 64 years
of age.2 As surgery is still the most efficient treatment mo-
dality for many solid tumors, the share of onco-geriatric pa-
tients presenting for surgery will continue to increase.
Though the majority of the onco-geriatric patients is fit
for surgery and might have a better quality of life after sur-
gery,3 a substantial part is at increased risk for adverse
short-term postoperative outcomes, like complications and
mortality.4,5
Next to the severity of the surgical procedure itself,6,7
multiple patient related factors in the physical, mental
and environmental domain are supposed to be associated
with these adverse postoperative outcomes. Restricted basic
or instrumental activities of daily living (ADL or IADL),
decreased cognitive function, impaired mobility or nutri-
tional status, fatigue and increased number of comorbidities
are associated with adverse postoperative outcomes in
elderly surgical patients in multiple prospective stud-
ies.5,7e11 To identify patients at risk for these adverse post-
operative outcomes, impairments in the above mentioned
domains can be identified through a standardized geriatric
assessment (GA) as well as by the application of well-
known and validated geriatric screening tools.4,5,7e14 As a
state of the art but time-consuming standardized GA is
not indicated nor feasible for every onco-geriatric patient,
frequently a selection of geriatric screening tools is
preferred.12,15
Despite the increasing number of studies reporting on
the use of screening tools in onco-geriatric surgical pa-
tients, a consensus has so far been lacking as to which
tool best predicts postoperative outcomes.13e16 This is
mainly due to the lack of comparability between different
studies, with a huge variation across the tools, the cohorts
and the measure of the reported outcomes.13,15 The aim
of the current study is to investigate the ability of well-
known geriatric screening tools in predicting the occur-
rence of major postoperative complications in a relativelylarge cohort of onco-geriatric surgical patients and to pro-
pose a scoring system.
Patients and methodsDesignAn international multicenter cohort study was designed
to investigate screening tools for Preoperative Risk Estima-
tion for Onco-geriatric Patients (PREOP) with regard to 30-
day postoperative outcomes. This study was approved by the
appropriate ethics committees and is registered at the Dutch
Trial register (Trial ID: NTR1567) and United Kingdom
register (Research Ethics Committee reference: 10/H1008/
59). All patients gave written informed consent in accord
with the ethical standards of the local ethics committees.Patients and centersCancer patients aged 70 years who were candidate for
elective surgery for a solid tumor under general anesthesia
were invited to take part by the local coordinator. Patients
requiring emergency surgical management and patients
who were unable to give written informed consent, were
not included in this study.17
Recruitment took place in seven different countries at 14
medical centers between September 2008 and October
2012, where not all centers participated actively during
the entire period. To reduce the possibility of selection
bias and the influence of intercenter variability, medical
centers including less than ten patients were excluded
from present analysis.Screening toolsWithin two weeks prior to surgery patients were tested
with a battery of preoperative well-known screening tools
by either a trained resident, nurse practitioner or medical
student (Table 1). As this took approximately 30 min,
the patients were screened on the surgical ward, or at the
preoperative assessment clinic. Functional status was as-
sessed with the Timed Up and Go (TUG), ADL, IADL
Table 1
Components of PREOP.
Test Acronym Purpose Cut-off value for
adverse results
Range of possible
scores
Timed Up and Go18,a TUG A walking test to measure functional status >20 sb Not applicable
Vulnerable Elders Survey19 VES-13 A self-reported function-based screening tool
to identify vulnerable elderly
3 0e10
Groningen Frailty Index20 GFI To estimate frailty by a 15-item questionnaire 4 0e15
Activities of Daily Living21 ADL Depicts dependency regarding bathing, dressing,
toileting, transfer, continence and feeding
>0 0e12
Instrumental Activities of
Daily Living22
IADL A questionnaire regarding 8 items needed to
perform independently to maintain independence
in the community
<8 0e8
Eastern Cooperative
Oncology Group
performance status23
ECOG PS A physician’s perspective of a patient’s functional
status; ranging from 0 to 4
>1 0e4
Mini Mental State Examination24 MMSE A test consisting of 11 questions to assess
cognitive function
26 0e30
Geriatric Depression Scale25 GDS A 15-item self-rating depression screening scale for
elderly populations
>5 0e15
Brief Fatigue Inventory26 BFI A 9-item questionnaire to report on fatigue severity
in cancer patients
>3 0e10
American Society for
Anesthesiologist scale27,c
ASA To quantify preoperative physical status and
estimate anesthetic risk
3 1e5
Nutritional Risk Screening28 NRS Nutritional status based on recent weight loss,
overall condition and reduction of food intake
Impaired nutritional status
was compared to normal
nutritional status
Normal to severely
impaired nutritional
status
a Patients performed the TUG two times and for each patient, the mean of the two time measurements was calculated.
b Based on literature and the distribution of the mean values in the current study population, a score of less than or equal to 20 s on the TUG was considered
a low score.29
c The ASA-classification was determined by an anesthesiologist.
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Status (ECOG PS). The Vulnerable Elders Survey (VES-
13) incorporates age, self-rated health and functional lim-
itations or disabilities to identify vulnerable elderly. The
Groningen Frailty Index (GFI) is a multidimensional ques-
tionnaire assessing frailty in elderly. Cognitive function
was assessed with the Mini Mental State Examination
(MMSE). Mood and level of fatigue were assessed with
the Geriatric Depression Scale (GDS) and Brief Fatigue
Inventory (BFI) respectively. The American Society for
Anesthesiologist scale (ASA) was determined by the anes-
thesiologist to quantify preoperative physical status and es-
timate the anesthetic risk. Nutritional status was assessed
with the Nutritional Risk Screening (NRS), which clas-
sifies patients as either with a normal nutritional status
or with a mildly impaired nutritional status (weight loss
greater than 5% in three months or a food intake below
50e75% of normal requirement in the preceding week),
a moderately impaired nutritional status (weight loss
greater than 5% in two months or a body mass index
(BMI) between 18.5 and 20.5 kg/m2 and impaired general
condition or a food intake below 25e50% of normal
requirement in the preceding week) or a severely impaired
nutritional status (weight loss greater than 5% in one
month or a weight loss greater than 15% in three months
or a BMI less than 18.5 kg/m2 and an impaired general
condition or a food intake below 25% of normal require-
ment in the preceding week).Data collection and handlingPreoperative living situation, preoperative hemoglobin
level and comorbidities were retrieved from the patients’
files. Type and number of comorbidities were recorded
and a dichotomous variable was created based on the me-
dian number of comorbidities (>3). Data on tumor stage
were retrieved from the pathologists’ reports and patients’
files. Surgical procedures were defined as minor surgery
(e.g. procedures performed for tumors located at the ex-
tremities or superficially) and major surgery (e.g. proce-
dures for intra-abdominal tumors).
Data were collected by local institutions and sent in
batches to the coordinating center (University Medical
Center Groningen, The Netherlands), where they were
checked, cleaned and entered into an electronic database
for statistical analysis.EndpointThe primary endpoint was the incidence of any major 30-
day complications, according to the Clavien-Dindo classifi-
cation (Clavien-Dindo grade 3).30 Major complications
include complications requiring surgical, endoscopic or
radiological intervention (grade three), life-threatening com-
plications requiring Intensive Care management (grade four)
and death of a patient (grade five). In most cases, delirium
was considered a minor complication as treatment of
Table 2
Agreement between geriatric screening tools.a
Testb TUG VES-13 GFI ADL IADL ECOG PS MMSE GDS BFI ASA NRS Comorbidities
TUG
VES-13 73.2%
GFI 59.1% 67.1%
ADL 79.6% 70.4% 60.7%
IADL 72.6% 78.7% 66.2% 73.2%
ECOG PS 85.1% 72.0% 58.5% 79.9% 72.0%
MMSE 67.4% 65.5% 59.1% 67.4% 68.3% 66.5%
GDS 80.2% 73.8% 68.9% 74.7% 69.2% 77.1% 67.7%
BFI 69.5% 72.0% 66.8% 64.3% 66.8% 70.4% 62.8% 72.3%
ASA 59.8% 57.0% 55.5% 58.2% 57.9% 61.6% 56.4% 55.5% 60.1%
NRS 66.5% 62.5% 62.5% 66.2% 63.1% 71.0% 60.1% 66.2% 59.1% 58.8%
Comorbidities 69.5% 67.1% 61.0% 64.9% 63.7% 64.6% 59.8% 64.0% 64.9% 66.5% 61.3%
a The agreement between the dichotomized results on the geriatric screening tools was considered.
b The meaning of the acronyms of the tests are shown in Table 1.
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only, which is classified as a grade 2 complication. During
hospital admission complications were recorded prospec-
tively. To complete the 30-days morbidity registration, pa-
tients’ files were checked on the occurrence of
complications. This endpoint was analyzed as a dichotomous
variable: major versus no/minor 30-day complications.Power analysisBased on the results of the PACE study, 30% postoper-
ative morbidity in this study population was to be ex-
pected.7 The hypothesis was that all tests had equal
predictive value. A 10% difference in predictive value of
the different questionnaires and tests was accepted. With
an a of 0.05, a power of 0.7, and considering a drop-out
rate of 10%, 326 patients needed to be recruited.Statistical analysisBaseline characteristics and outcomes were described as
median and range or first and third quartiles for quantitative
variables and absolute numbers and percentages for qualita-
tive variables. The results on the geriatric screening tools
were dichotomized based on predefined, literature based
cut-off points (Table 1). To analyze the predictive ability
of the geriatric screening tools with regard to any major
30-day complications, for every screening tool a for statis-
tically significant confounders adjusted odds ratio (OR) and
95% confidence interval (95% CI) was estimated using lo-
gistic regression analyses. To check for collinearity, the
agreement between geriatric screening tools was consid-
ered (Table 2). If >80% agreement between geriatric
screening tools existed, one of the two geriatric screening
tools was excluded from the multivariate logistic regression
analysis. For major versus no/minor complications, back-
wards stepwise multivariate logistic regression analysis
was performed to assess which combination of screening
tools had the highest predictive ability. Based on the ORsin this model, a scoring system was composed. The receiver
operating characteristic (ROC) and the area under the curve
(AUC) were calculated to evaluate the model performance.
Missing values per geriatric screening tool ranged from
0.3% to 4.9%, and resulted in 13.7% missing cases in the
multivariate analysis. As the missing values were missing
at random or missing completely at random, multiple impu-
tation was performed for the total scores on the question-
naires irrespective of whether values were missing at
item- or variable level.31 Multiple imputation was based
on available results on the screening tools, age, gender,
living situation, preoperative hemoglobin level, type of tu-
mor, tumor stage, type of surgery and number of comorbid-
ities. The reported results on the screening tools were
pooled values, which were average values calculated from
the five imputed datasets.
Data analysis was performed using IBM SPSS Statistics
22. P-values 0.05 were considered statistically significant.
ResultsPatientsIn total 362 patients were assessed in this study. Of
these, 32 patients were excluded from analysis as they
derived from one of the six medical centers that included
<10 patients and two patients were excluded from analysis
as they were diagnosed with a lymphoma. Data of 328 pa-
tients were analyzed.
The median age in this cohort was 76 years (Table 3).
Almost all patients were community-dwelling at the time
of inclusion (n ¼ 323; 99.4%). The majority of patients un-
derwent major surgery (n ¼ 223; 68.0%) and the most prev-
alent conditions were colorectal and breast cancer.Major complicationsComplications occurred in 167 patients (50.9%). A total
of 61 patients (18.6%) experienced major complications
Table 3
Characteristics of 328 patients 70 years from eight medical centers un-
dergoing surgery for a solid tumor.
Variable Value
Age, ya 76 (70e96)
Age categories 70e74 120 (36.6%)
75e79 103 (31.4%)
80e84 72 (22.0%)
85 33 (10.1%)
Gender, female 203 (61.9%)
Living situation
Independent/family 323 (99.4%)
Residential care/nursing home 2 (0.6%)
Comorbidities (n)b 3 (2e4)
Hemoglobin level
12 g/dl 198 (64.3%)
<12 g/dl 110 (35.7%)
Surgery
Minor 105 (32.0%)
Major 223 (68.0%)
Cancer sitec
Breast 81 (24.5%)
Colorectal 121 (36.7%)
Gastric 22 (6.7%)
Gynecological 19 (5.8%)
Pancreas and biliary tract 34 (10.3%)
Remaining 12 (3.6%)
Renal and bladder 23 (7.0%)
Soft tissue and skin 18 (5.5%)
Tumor staged
Stage 0 or other benign diagnoses 19 (5.8%)
Stage 1 75 (22.9%)
Stage 2 83 (25.3%)
Stage 3 65 (19.8%)
Stage 4 53 (16.2%)
Unknown 33 (10.1%)
a Median age and range.
b Median and first and third quartiles.
c Two patients were operated on two different malignancies; for tumor
staging and subsequent analyses the most severe disease was analyzed.
d The most common pre-malignant and benign diseases were situated in
the pancreas (serous cystadenomas, n ¼ 2; cystic tumors, n ¼ 2; chronic
inflammation, n ¼ 2), colon (dysplastic polyps, n ¼ 4) and breast (ductal
carcinoma in situ, n ¼ 4).
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went major surgery. Wound related complications and res-
piratory complications were the most frequent occurring
major complications (n ¼ 31 and n ¼ 13 respectively).
Mortality, classified as a grade five complication, occurred
in 11 patients (3.4%).
ECOG PS and GDS were excluded from the multivariate
logistic regression analysis, as the agreement between the
dichotomized geriatric screening tool results was above
80% between the TUG and ECOG PS and GDS (Table
2). In a multivariate logistic regression analysis corrected
for gender and type of surgery, the TUG, ASA and NRS
were predictors of major complications (TUG>20 OR 3.1,
95% CI 1.1e8.6; ASA3 OR 2.8, 95% CI 1.2e6.3; NRSim-
paired OR 3.3, 95% CI 1.6e6.8; gendermale OR 3.0, 95% CI
1.4e6.4; type of surgerymajor OR 3.9, 95% CI 1.2e12.7)
(Table 4). In the complete case analysis (i.e. the originaldataset without imputed values) similar ORs were found
(TUG>20 OR 2.9, 95% CI 1.0e8.1; ASA3 OR 2.5, 95%
CI 1.0e6.0; NRSimpaired OR 3.1, 95% CI 1.5e6.7; gender-
male OR 3.0, 95% CI 1.4e6.7; type of surgerymajor OR 4.0, 95% CI
1.1e14.0). Age was not a predictor of major complications
(OR 1.0; 95% CI 0.98e1.11). The absolute risks for major
complications for the screening tools that were included in
the multivariate logistic regression analysis were
47.2%TUG>20 compared to 13.1%TUG20, 24.5%ASA3
compared to 13.8%ASA<3 and 35.7%impaired NRS compared
to 9.7%normal NRS (Table 4).
The scoring system derived from the multivariate logis-
tic regression analysis was as follows: gender þ type of
surgery þ TUG þ ASA þ NRS. The weights of the indi-
vidual risk score components are shown in Table 5. The
AUC for this individual risk score was 0.81, 95% CI
0.75e0.86. Based on the ROC a cut-off point was set at
>8, with a sensitivity of 78.7% and a specificity of
73.4%. A total 36.3% of the patients (n ¼ 119) had a risk
score >8, of which 48 experienced major complications
(positive predictive value: 40.3%). The negative predictive
value was 93.8%.
Discussion
A total of 18.6% of the patients experienced major com-
plications postoperatively. An individual risk score
comprising the TUG, ASA, NRS, gender and type of sur-
gery showed a good accuracy regarding the occurrence of
major versus no/minor 30-day complications (AUC 0.81,
95% CI 0.75e0.86). The scoring system derived from the
multivariate logistic regression analysis was as follows:
gender þ type of surgery þ TUG þ ASA þ NRS (Table
5). The optimal cut-off point of >8 resulted in a moderate
positive predictive value (40.3%) and a good negative pre-
dictive value (93.8%), which is desirable for a screening
method as there are few false negative cases.
The high number of patients experiencing adverse out-
comes is consistent with other studies,4,32 and emphasizes
the need for preoperative screening for risk for adverse out-
comes in onco-geriatric patients.12 Especially as short-term
complications increases the risk for long-term mortality.33
The TUG gives an assessment of basic functional
mobility, coordination and muscle strength in people who
are able to walk on their own. In the current cohort, the
TUG showed to be a good component to predict the risk
for major complications, which underlines the importance
of simple performance tests in the preoperative setting
when it comes to risk stratification. This is in agreement
with other studies finding gait speed as an important risk
stratification method in the elderly.34,35 Similarly, in pa-
tients 75 years undergoing major abdominal surgery,
TUG>20 and ASA3 have been shown to be independent
risk factors for postoperative delirium (hazard ratioTUG>20
(HZ) 4.8, 95% CI 1.5e15.6; HZASA3 3.3, 95% CI
1.2e9).29 In a cohort of mainly male patients 65 years
Table 4
Geriatric screening tools as predictors of major complications within 30 days postoperatively (n ¼ 328).
Test Major complications within 30 days
N (%a)
Adjusted OR (95% CI)b Multivariate adjusted OR (95% CI)b
TUG 20.0 s 36 (13.1%) 1 1
>20.0 s 25 (47.2%) 4.1 (1.6e10.5) 3.1 (1.1e8.6)
VES-13 <3 26 (13.1%) 1
3 35 (27.1%) 1.8 (0.9e3.6)
GFI <4 21 (12.9%) 1
4 40 (24.2%) 1.8 (0.9e3.6)
ADL 0 32 (12.7%) 1
>0 29 (38.2%) 3.4 (1.6e7.1)
IADL 8 24 (12.0%) 1
<8 37 (28.9%) 1.6 (0.8e3.2)
ECOG PS 1 41 (14.9%) 1
>1 20 (37.7%) 2.4 (1.1e5.2)
MMSE >26 27 (13.3%) 1
26 34 (27.2%) 2.2 (1.1e4.4)
GDS 5 31 (12.9%) 1
>5 30 (34.5%) 2.4 (1.1e5.3)
BFI 3 24 (12.0%) 1
>3 37 (28.9%) 2.6 (1.3e5.2)
ASA-score <3 25 (13.8%) 1 1
3 36 (24.5%) 3.7 (1.7e8.1) 2.8 (1.2e6.3)
NRS Normal 21 (9.7%) 1 1
Impaired 40 (35.7%) 3.9 (1.9e7.9) 3.3 (1.6e6.8)
Comorbidities <4 27 (12.8%) 1
4 34 (29.1%) 2.7 (1.3e5.4)
Bold statistically significant (p  0.05).
a Absolute risk for major complications within 30 days.
b Corrected for center, gender and type of surgery (minor/major).
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surgery), a TUG>15 predicted postoperative complications,
one-year mortality and discharge to an institutional care fa-
cility (AUCcomplications 0.78, 95% CI 0.67e0.88; ORdischarge
institutionalization 13.0, 95% CI 5.1e33.0).
5,36,37 The TUG was
analyzed as a single screening tool,5 and as part of a multi
domain assessment.36,37 A contrasting result was found in a
retrospective cohort study among patients 65 years under-
going elective surgery (not only for oncological diagnoses):
the TUG-score, analyzed as a continuous measure, was not
significantly different between the home discharge and the
in-hospital death or post-discharge institutionalization
groups (17.3 and 16.8 s respectively, p ¼ 0.588).9 Compar-
ison with the above mentioned studies is difficult because
of different study designs, cohort characteristics, and likelyTable 5
Scoring system for major 30-day postoperative complications.
Gender Female ¼ 0
Male ¼ 3
Type of surgery Minor ¼ 0
Major ¼ 4
TUG 20 ¼ 0
>20 ¼ 3
ASA <3 ¼ 0
3 ¼ 3
NRS Normal ¼ 0
Impaired ¼ 3therefore varying cut-off points. The cut-off point in the
current study was based on the distribution of mean values
in the current study, and on the study predicting postopera-
tive delirium, as this cohort most resembled the PREOP
cohort.29 However, external validation of the TUG>20
should be considered for future research.
An impaired nutritional status according to the NRS was
observed in 34.1% of the patients. The high prevalence of
malnutrition can be explained by the characteristics of the
population under study, as the prevalence of malnutrition
increases with age and is higher in cancer patients, espe-
cially when diagnosed with intra-abdominal tumors or
advanced disease.38 Nutritional status has been shown to
be associated with in-hospital death or post-discharge insti-
tutionalization in a retrospective cohort study among pa-
tients 65 years undergoing elective surgery.9 Prevalence
of malnutrition, assessed with the Mini Nutritional Assess-
ment (MNA), was 53.1% in the ‘death or post-discharge in-
stitutionalization’-group versus 21.1% in the ‘home
discharge’-group. In patients 70 years undergoing surgery
for colorectal cancer, the MNA was incorporated in a GA,
based on which patients were classified as fit, intermediate
or frail.4 Frailty was an independent predictor of severe
complications (OR 3.1; 95% CI 1.7e5.9). However, in
the same cohort, a multivariate analysis of the separate
screening tools did not identify the MNA as a predictor
of severe complications.39 Contrastingly, severe
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of severe complications in the backwards stepwise logistic
regression analysis.
The MNA has been validated in elderly and is frequently
used to assess nutritional status in research studies.4,9
Comparing the NRS, used in the current study, to the
more frequently used MNA is not self-evident, because
the NRS is probably less sensitive as it only includes ques-
tions regarding body mass index, amount of food intake and
amount of weight loss. However, in patients 65 years un-
dergoing major abdominal surgery, weight loss 10% as a
measure of malnutrition is an independent predictor for
prolonged hospital stay and discharge to a skilled nursing
facility (OR 4.0; 95% CI 1.1e14.4 and OR 6.5; 95% CI
1.4e29.8 respectively), substantiating the current results
and thus the use of NRS as a geriatric screening tool.32
A strength of the PREOP-study is its prospective and
comprehensive design. To our knowledge, the current
study is the first to analyze all components recommended
in a GA in one relatively large cohort of onco-geriatric sur-
gical patients with varying malignancies.15 This enhances
comparability between the screening tools and between
other studies including onco-geriatric surgical patients.
Results are broadly generalizable to the onco-geriatric sur-
gical population as the current study included patients with
a wide range of malignancies. A large number of medical
centers participated, which further enhances the generalis-
ability of the results. The relatively long duration of this
study is explained by the fact that centers did not partici-
pate actively during the entire study period and that only a
few physicians per center recruited patients. Although pa-
tients from low volume centers (<10) were excluded and
center was included as a confounding factor, selection
bias remains a limitation of the current study as inclusion
of a consecutive series of patients cannot be guaranteed.
Furthermore, cultural differences could have influenced
the reporting of results and answers to questionnaires.
Considerations for future research include 1) reporting
long-term results and patient reported outcome measures,
such as quality of life and functional outcome; 2) investi-
gating the effects of preoperative improvement of physical,
functional and nutritional status on postoperative
outcomes.
The results of the current study show that preoperative
estimation of the risk for adverse postoperative outcomes
is essential, as a substantial number of patients experience
major postoperative complications. The TUG, ASA and
NRS are simple and short screening tools that provide cli-
nicians with accurate risk estimations. The scoring system
can easily be implemented into daily practice as a screening
measure, to support the judgment of the clinician. The high
negative predictive value indicates that the scoring system
can exclude the fit elderly from further evaluation, whilst
a positive score might indicate that a more comprehensive
assessment by a geriatrician or by means of a multidisci-
plinary meeting is indicated.Funding or other sources of support
None.
Conflict of interest statement
We have no conflicts of interests to declare.References
1. Boyle P, Levin B. World Cancer Report 2008 Lyon, France,: Interna-
tional Agency for Research on Cancer 2008.
2. Balducci L. Epidemiology of cancer and aging. J Oncol Manag 2005;
14:47–50.
3. Amemiya T, Oda K, Ando M, et al. Activities of daily living and qual-
ity of life of elderly patients after elective surgery for gastric and colo-
rectal cancers. Ann Surg 2007;246:222–8.
4. Kristjansson SR, Nesbakken A, Jordhoy MS, et al. Comprehensive
geriatric assessment can predict complications in elderly patients after
elective surgery for colorectal cancer: a prospective observational
cohort study. Crit Rev Oncol Hematol 2010;76:208–17.
5. Robinson TN, Wu DS, Sauaia A, et al. Slower walking speed forecasts
increased postoperative morbidity and 1-year mortality across surgical
specialties. Ann Surg 2013;258:582–8. [discussion 588e590].
6. Hempenius L, Slaets JP, van Asselt D, de Bock GH, Wiggers T, van
Leeuwen BL. Outcomes of a geriatric l iaison intervention to prevent
the development of postoperative delirium in frail elderly cancer pa-
tients: report on a multicentre, randomized, controlled trial. PLoS
One 2013;8. e64834.
7. Audisio RA, Pope D, Ramesh HS, et al. Shall we operate? Preopera-
tive assessment in elderly cancer patients (PACE) can help. A SIOG
surgical task force prospective study. Crit Rev Oncol Hematol 2008;
65:156–63.
8. Feng MA, McMillan DT, Crowell K, Muss H, Nielsen ME, Smith AB.
Geriatric assessment in surgical oncology: a systematic review. J Surg
Res 2014;193:265–72.
9. Kim KI, Park KH, Koo KH, Han HS, Kim CH. Comprehensive geri-
atric assessment can predict postoperative morbidity and mortality in
elderly patients undergoing elective surgery. Arch Gerontol Geriatr
2013;56:507–12.
10. Korc-Grodzicki B, Sun SW, Zhou Q, et al. Geriatric assessment as a
predictor of delirium and other outcomes in elderly patients with can-
cer. Ann Surg 2014;00:1–6.
11. Robinson TN, Wu DS, Pointer LF, Dunn CL, Moss M. Preoperative
cognitive dysfunction is related to adverse postoperative outcomes
in the elderly. J Am Coll Surg 2012;215:12–7. [discussion 17e18].
12. Audisio RA, van Leeuwen B. When reporting on older patients
with cancer, frailty information is needed. Ann Surg Oncol 2011;
18:4–5.
13. Puts MT, Hardt J, Monette J, Girre V, Springall E, Alibhai SM. Use of
geriatric assessment for older adults in the oncology setting: a system-
atic review. J Natl Cancer Inst 2012;104:1133–63.
14. Puts MT, Santos B, Hardt J, et al. An update on a systematic review of
the use of geriatric assessment for older adults in oncology. Ann Oncol
2014;25:307–15.
15. Ramjaun A, Nassif MO, Krotneva S, Huang AR, Meguerditchian AN.
Improved targeting of cancer care for older patients: a systematic re-
view of the utility of comprehensive geriatric assessment. J Geriatr
Oncol 2013;4:271–81.
16. Hamaker ME, Jonker JM, de Rooij SE, Vos AG, Smorenburg CH, van
Munster BC. Frailty screening methods for predicting outcome of a
comprehensive geriatric assessment in elderly patients with cancer:
a systematic review. Lancet Oncol 2012;13:e437–44.
851M.G. Huisman et al. / EJSO 41 (2015) 844e85117. Huisman MG, van Leeuwen BL, Ugolini G, et al. “Timed up &
go”: a screening tool for predicting 30-day morbidity in onco-
geriatric surgical patients? A multicenter cohort study. PLoS One
2014;9. e86863.
18. Podsiadlo D, Richardson S. The timed “Up & Go”: a test of basic
functional mobility for frail elderly persons. J Am Geriatr Soc 1991;
39:142–8.
19. Saliba D, Elliott M, Rubenstein LZ, et al. The Vulnerable Elders Sur-
vey: a tool for identifying vulnerable older people in the community.
J Am Geriatr Soc 2001;49:1691–9.
20. Schuurmans H, Steverink N, Lindenberg S, Frieswijk N, Slaets JP. Old
or frail: what tells us more? J Gerontol A Biol Sci Med Sci 2004;59:
M962–5.
21. Katz S, Akpom CA. A measure of primary sociobiological functions.
Int J Health Serv 1976;6:493–508.
22. Lawton MP, Brody EM. Assessment of older people: self-
maintaining and instrumental activities of daily living. Gerontologist
1969;9:179–86.
23. Oken MM, Creech RH, Tormey DC, et al. Toxicity and response
criteria of the Eastern Cooperative Oncology Group. Am J Clin Oncol
1982;5:649–55.
24. Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”. A prac-
tical method for grading the cognitive state of patients for the clini-
cian. J Psychiatr Res 1975;12:189–98.
25. Yesavage JA, Brink TL, Rose TL, et al. Development and validation of
a geriatric depression screening scale: a preliminary report.
J Psychiatr Res 1982;17:37–49.
26. Mendoza TR, Wang XS, Cleeland CS, et al. The rapid assessment of
fatigue severity in cancer patients: use of the Brief Fatigue Inventory.
Cancer 1999;85:1186–96.
27. Owens WD, Felts JA, Spitznagel Jr EL. ASA physical status classifi-
cations: a study of consistency of ratings. Anesthesiology 1978;49:
239–43.
28. Kondrup J, Allison SP, Elia M, Vellas B, Plauth MEducational and
Clinical Practice Committee, European Society of Parenteral andEnteral Nutrition (ESPEN). ESPEN guidelines for nutrition screening
2002. Clin Nutr 2003;22:415–21.
29. Brouquet A, Cudennec T, Benoist S, et al. Impaired mobility, ASA sta-
tus and administration of tramadol are risk factors for postoperative
delirium in patients aged 75 years or more after major abdominal sur-
gery. Ann Surg 2010;251:759–65.
30. Clavien PA, Barkun J, de Oliveira ML, et al. The Clavien-Dindo clas-
sification of surgical complications: five-year experience. Ann Surg
2009;250:187–96.
31. Fox-Wasylyshyn SM, El-Masri MM. Handling missing data in self-
report measures. Res Nurs Health 2005;28:488–95.
32. Badgwell B, Stanley J, Chang GJ, et al. Comprehensive geriatric
assessment of risk factors associated with adverse outcomes and
resource utilization in cancer patients undergoing abdominal surgery.
J Surg Oncol 2013;108:182–6.
33. Rutten HJ, den Dulk M, Lemmens VE, van de Velde CJ, Marijnen CA.
Controversies of total mesorectal excision for rectal cancer in elderly
patients. Lancet Oncol 2008;9:494–501.
34. Afilalo J, Eisenberg MJ, Morin JF, et al. Gait speed as an incremental
predictor of mortality and major morbidity in elderly patients undergo-
ing cardiac surgery. J Am Coll Cardiol 2010;56:1668–76.
35. Studenski S, Perera S, Patel K, et al. Gait speed and survival in older
adults. JAMA 2011;305:50–8.
36. Robinson TN, Wallace JI, Wu DS, et al. Accumulated frailty charac-
teristics predict postoperative discharge institutionalization in the geri-
atric patient. J Am Coll Surg 2011;213:37–42. [discussion 42-4].
37. Robinson TN, Wu DS, Pointer L, Dunn CL, Cleveland Jr JC, Moss M.
Simple frailty score predicts postoperative complications across surgi-
cal specialties. Am J Surg 2013;206:544–50.
38. Capra S, Ferguson M, Ried K. Cancer: impact of nutrition intervention
outcomeenutrition issues for patients. Nutrition 2001;17:769–72.
39. Kristjansson SR, Jordhoy MS, Nesbakken A, et al. Which elements of
a comprehensive geriatric assessment (CGA) predict post-operative
complications and early mortality after colorectal cancer surgery?
J Geriatric Oncol 2010;1:57–65.
